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SUMMARY 


The effects of various catalysts used to cure the resinous adhesives 
on the strength properties of plywood ms investigated, particular!!:: with 
regard to the degree of acidity developed hy the catalysts in the resin 
film and in the plywood. The flexural, lapact, and shear strengths, "both 
initially and after aging, of hirch plywoods Bonded with urea— formaldehyde 
and phenol-formaldehyde' resins definitely decrease as -the acidity of the 
plywood increases, as evidenced By a decrease in pH. Only in the case 
of plywood Bonded wi-bh casein and urea-formaldehyde resins had 'bhe dete- 
rioration at -the Bond progressed sufficiently in the roof-aging tests to 
mate it impossihle to carry out s-treng-feh -fcests Because of de lamination. 

A correlation Between decrease in s'brength on aging of plywood Bonded 
•with alkali-ca-fcalyzed phenolic acid and Increase in altalinity of the 
panel "was oBserved. Because of the different aBsorptlcn capacities of 
the phenolic res .ns for acids and alkalies, it is not possible to pre- 
dict the pH of the plywood panel from -the of the resin film. 

The susceptlBility of Birch wood, itself, to attack By acids and 
alkalies was determined in order Bet-fcer to understand ■fche mechanism of 
the deterioration of resin-Bonded plywood. A laarked decrease in streng'bh 
occurred when the pH of -the wood was lowered Below 2.0. In the range 
Between pH 2.0 and 2.5, strong acids, such as hydrochloric and sulfuric, 
had a more pronounced deteriorating effect -bhan weak acids, such as 
hypophosphorous ar^d nl'tranilic. A narked decrease in strength of the 
Birch also occurred when the pH was raised to 8.8 By the aBsorptlon of 
an alkali, te'trae'bhanolammonl'um hydroxide. 


INTRODUCTION 


The increased use of resin-Bonded plywood for s-tructural parts of 
aircraft has made it necessary to determine the effect of various chemi- 
cal: properties of the resins on -the streng'bh properties of the resin 
Bonds, mformatlon of "bhis na-bure is needed to utilize the ma'berlals 
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properly in Tsuildlng satisfactory aircraft and to evaluate the causes of 
failure. Determination of the effect of . acid and alkaline catalysts on 
the strength and aging properties of various types of resin hcnde is one 
Important phase of this work. This report presents the re&uD.te of an 
investigation which was made to determine these relationships. Some of 
the data obtained in the early stages of the work were Included in a 
preliminary report issued in 19*+3 (reference l). 

The degree of acidity or hydrogen ion concentration can conveniently 
he reported as a pH value which appi'oximately is tlie logarithm of the 
reciprocal of the gram ionic hydi'ogen equivalents per liter; that is, 
pH = log I/h”^ psr liter. Water has a concentration of BT*" ion of 10”’^ 

and of 0E“ ion' of 10“'^ moles per liter or a pH value of 7# srA is said 
to he neutral in reaction. The presence of an acid in a water solution 
increases the concentration of hydrogen ions. Hence the concen'tration 
of hydrogen ions in an acid solution hecones 10~*^or 10~® or greater, 
and the pH value is less than 7* The presence of sin alkali in a water 
solution increases the concentration of hj-droxyl ions and decreases 
that, of the hydrogen ions. Hence the concentration of hydrogen ions in 

an alkaline solution hecomos 10“ ®, 10“ or less, and the pH value is 
greater than 7- The product of the hydrogen ion concentration and the 

hydroxyl ion concentration is always equal to 10"^'* in aqueous medium 
at 25° 0. The pH value heia been used throughout this report to Indicate 
the degree of acidity of the various specimens. 

The tTO most commonly used types of bending agents in the manufac- 
ture of resin-bonded plywood are the phenol-formaldehyde and the urea- 
formaldehyde resins. Both ti'pea are cured either by the "hot-set" or 
the "cold-set" method. Since the demarcation between cold-set and hot- 
set bonding resins has not been definitely estabH.lehed in the Industry, 
the resins used in this project were classified according to the tem- 
perature required to cure the resin in a commercially practical period 
of time, as follows: 

Class E. These resins do not require a higher degree of heat 
for curing -than that e'ra liable a't ordinary rocm 
or factorj'' conditions. 

Class M. These resins require a degree of heat greater than 

that available at rocm or factory conditions, but 
not over l60° F (71° c). 

Class H. These resins require a temperature greater then 
160° F (71° C). 

In order to obtain a satisfactory degree of cure of class E and 
some class M resins, it is necessary with most of the commercial resins 
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to use Tery active catalysts. One of the most active catalysts for curing 
these types of resins is the hydrogen ion which is usually expressed in 
terms of pH units when the concentration is less than one molar. 

It is an eetahlished. fact that wood deteriorates rapidly in acidic 
media. It is also known that urea-formaldehyde resins are not so re— 
sistant to acid conditions as are phenolic resins (see references 2 to 
7 ). The work reported herein was designed to determdne the effects of 
various catalysts and the pH of -Uie resin hond on the strength proper- 
ties of the resin— wood composite since the failures may he in the resin, 
in the wood, or in hoth resin and wood. It should he noted, however, 
that the acid conditions in- the resin-ljonded hirch panels tested are 
attrihutahle to the ingredients in the resin-glue mixtures and not to the 
wood or any extraneous source. 

This investigation, conducted at the Kational Biareau of St anda rds, 
was sponsored hy and conducted with -ttie financial assistance of the 
national Advisory Committee for Aeronautics. 

The authors wish to acknowledge the assistance given hy Mr. B. M. 
Axllrod, Miss M. C. Fordney, Mrs, M, S. Zeller, Miss D. C. Caudill, and 
Miss H. W, Eucker in supplying some of the data herein reported. 


MATEEIAIS 


A group of adhesives which ere being used to a great extent in the 
manufacture of resln-honded plywood aircraft was selected for this work. 
These included •'Jrea-formaldehyda, phenol-formaldehyde, resorcinol- 
formaldehyde, furane, and unsaturated polyester resins and casein. The 
commercial desigriatlons and the manufacturers of the resins, and the 
classification of the various resins and resin-catalyst mixtures on the 
hasls of the temperature required for curing, are given in table I. 

Birch wood was used in the tests because it is the type most com- 
monly employed in the manufacture of aircraft grade plywood in this 
country. Other woods were not investigated inasmuch as the primary 
objective of the investigation was the study of deteriorative effects 
characteristic of various resin-catalyst systems. 

The test panels were made with sliced blroh veneers carefully se- 
lected for straightness of grain and having an average thickness of 0.01 
inch. The thin veneers were used to obtain a hl^er resin content than 
that normally used in aircraft plywocd. Since the acidic conditions re- 
sult from the resin, a high resin content would be expected to magnify 
the effect of the pH on the strength properties of the composite. 
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For the 
sliced 'birch 
straightness 


tests C2f. the effect of, the catalysts on the wood alone, 
veneers 0,1 inch in thickness and specially selected for 
of grain were used. 


PEETPAEATION OF TEST PAlffiLS 


The resin glties were prepared according to directions received from 
the manufacturers and were applied to the hirch veneers "by means of roll- 
ers. This method produced resin films of uniform thickness on 'both sides 
of the veneers. The veneers coated with the class H resins were suspend- 
ed from a drying rack and allowed to dry about 20 hours before assembling 
and pressing. The veneers coated with the class E and class M resins 
were assembled and pressed immediately after coating. Each panel con- 
sisted of 8 birch veneers arranged with the grain of plies 1, 3, 6, and 
8 parallel to one another and with the grain of plies 2, 4 , and 7 
perpendicular to the face plies. 

In the early stages of the investigation the test panels were pressed 
at approximately 100 pounds per square inch, but this produced panels var- 
ying considerably in thickness and density. In order to obtain more mi- 
form panels, stops 9 by 1 inch for use betw'een the press platens were 
ground to a thickness of 0.075 * 0.001 inch and the platens were ground 
to a flatness of 0,0001 inch. A load of 10 tens was applied to the 
platens . 

The birch veneers used In each panel were conditioned by storage 
at 77 F (25° C) and 50 percont relative humidity, and were weighed be- 
fore the resin coating was applied. The completed test panel was also 
conditioned and weighed. The resin content of the test panel was then 
calculated by means of the following equation: 

Eesin content in percent 


_ Weight of test panel — Weight of conditioned veneers 

Weight of test panel 


X 100 


Three panel were prepared with each resin or resin— catalyst mlxtme. 
The conditions used to cure the panels, the average densities, and the 
average resin contents are given in table I. 




Exposure 

Period 

(hr) 

Temperature 
(0 p) (0 c) 

Relative 

Humidity 

(percent) 

Apparatus 

2 

77 

25 

100 

Fog cabinet 

2 

149 

65 

5 

Forced-draft oven 

2 

77 

25 

100 

Fog cabinet 

18 

149 

65 • 

5 

Forced-draft oven 


The sections were es^osed for a total of 200 hoijrs in the oven and 40 
hours in the fog cahinet. 

This latter test is 'a modification of the accelerated weathering 
test described in Federal Specification L-P-^4-06a, Method Ko. 6021. Heat- 
ing in an oven at l49° F ( 65 ° C) was substituted for the irradiation un- 
der the sun laa^ prescribed in Method No, 6021 because the effect of the 
uliaraviolet li^t would be expected to be negligible in the breakdown 
of the resin layer in plywood. The temperature to which the specimens 
are exposed is approximately l49° F ( 65 ° C) in both tests. The data 
in table II show that the decreases in flexural strength resulting from 
exposure of plywood specimens to the two tests, respectively, are practi- 
cally identical. 
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Determination of pH 

A thin film of the resins of class H and class M was cast on glass 
and allowed to dry for 20 hours at a teuoperatur© of 70 ° to 79° F (21° to 
26 ° C). The resin film was then removed from the glass and ground to a 
fineness of hO mesh. Two grams of the powdered resin were suspended In 
10 milliliters of distilled water and the pH of the siispension was meas- 
ure hy meeine of a glass electrode after 15 minutes, and after 24, 48, 72 , 
and 5^ hoixcs, or until the values were constemt to within O.C^ pH unit. 

Films were prepared from the class H resins hy casting them upon a 
glass plate, using a knife hlade to remove excess resin and make the 
thickness of the coating 0.02 inch or less. The cast films -vrere placed 
in a circulating air oven at l49° F ( 65 *^ C) until examination showed 
that most of the solvent had evaporated; this process required about 4 
hours except in the case of Plaskon I 07 , which was cured after 3 hours 

at l49° F ( 65 ° C) and was not subjected to any further heating. This 
drying -tras followed by a cure in the oven at 300° F (l49° C) until the 
films were hard and brittle, the latter operation requiring about 30 
minutes. The hard, brittle films were ' pulverized in a small rock-crush- 
ing mortar and passed through a 40-meeh screen. The pH values of the 
powdered films were measured in the same manner as those of the class R 
and the class M films. 

The acidity of the test panels was determined by grinding a 
portion of the panel to 40 mesh in a Wiley mill and suspending 1 gram 
of the powder In 5 milliliters of distilled water. The pH values of 
the water suspensions were ueiially constant after 48 hours. 

The pH of the distilled water used in making the resin suspensions 
was 6 . 3 . A few of the resin films and powered panels were also suspended 
in dilute hydrochloric acid solution of pH 4.5. The pH valiies of the 
acid suspensions are reported in table II and do not differ appreciably 
from those of the water suspensions. All the pH icsasurements were mad© 
at a ten^ierature of 77° F (25° C) with a glass electrode. The measure- 
ments reported are accurate to ±0.05 pH unit. 


Strength Properties 

The test specimens for determining the strength properties were 
cut from the quarter sections after the aging -treatments. The spechnenB 
were machined and then conditioned at 77° F (25° O) and 50 percent re- 
lative humidity for at least 48 hoiirs prior to testing. AJ.1 the tests 
were made at 77° F ( 25 ° O) and 50 percent relative humidity. 

The flesural moduliis of elasticity -was measured on an Olsen Stiffness 
Tester, Tour-Marshall design. Specimens 5 inches long and 0.5 inch wide 
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were cut from the panels. Tv:o measurements were made on each specimen, 
one on each end. The test span was Z inches long; the total bending 
moment applied to the specimen was 3 inch- pounds . The angular deflections 
were plotted against the bending momenta and the deflection at a stress 
of 2500 pounds per sqiiiare inch was determined from the curve. This stress 
was selected because the plots for all the samples were essentially 
straight lines up to that sti-ess. The secant modulus of elasticity in 
figure then was calculated from the approximate expression 


S29.2 PL^ 
D a h° 


( 1 ) 


where 

E modulus of elasticity in flexure 
P load 

L length of beam 

D deflection, degrees 

a width of beam 

h thickness of beam 

This expression was derived from the formula for. the deflection of a can- 
tilever beam with a concentrated load at one end. 

The. flexural strength was measured on specimens 1.0 inch long and 
, 0,75 inch wide out from the panels. The specimen was supported on two 
parallel supports with a .span of 5/8 inch. The load was applied at the 
center of the span by a pressure piece similar to the supports. The 
edges of the support pieces and of the pressure piece were rounded to 
l/s-inch radius. The testa were made on a hydraulic testing machine 
with a head speed of 0.05 inch per minute. The machine was accurate to 2 
percent of the lowest applied load. The flexural strength or modulus of 
rupture is calculated from the expression 

E = (2) 

2 a h^' 

where F is flexural strength and the other symbols have the same sig- 
nifioance as in eq^uatlon (1). 
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The Impact tests were made on an. Izod intact machine of 2 fcct-pounds 
capacltjT, Specimens 2.5 tacheslong and 0.5 inch wide were cut frcm the 
panels . 

The tensile tests were made accordli:g to Method No. 1011 of Federal 
Specification L-P-406. lijrpe 1 specimens were used; the width of the 
reduced section was 0.5 inch. The tests wore made on a hydraulic testing 
machine with self -alining Ten5>lin grips. The rate of head speed was 0.05- 
inch per minute. 

Shear specimens 4 inches long and O.75 inch wide wore cut frcm the 
panels. A groove 1/8 inch wide and extending through approximately 4-|- 
veneers was milled on one face of the panel parallel to the 0.75— inch 
dimension. A similar groove was milled on the opposite face. The grooves 
on the specimens used in the preliminary tests were 1/2 inch apart, hut, 
since many tensile failures were obtained, the distaoice between the grooves 
was reduced to l/h inch on the later specimens. The specimens were broken 
on a hydraulic testing machine at a rate of loading of 200 pounds per 
sguare inch per minute. 


De lamination 

One strip 0.5 inch wide cut from each gueirter section of each test 
panel was subjected to a delamination test. The strips were placed in 
individual 3~ by 20-centlmoter test tubes which ccntalned distilled 
water previously heated to the boiling point by immersion of the tubes 
in a water bath. The tubes containing the test strips were left in the 
bath of boiling water for 1 hour. On removal frcm the test tubes the 
specimens were immersed in water at 77^^ F (25° C) for 15 minutes and then 
dried at l40° F (6o° C) in a forced-draft oven for 22 hours. This pro- 
cedure constituted one cycle of the test. At the end of each cycle the 
test epeclmons were bent over a mandrel of 8-lnch radius. After five 
cycles the specimens were bent over a 4-inch-radlus mandrel. Observations 
regarding delamination were made. 


Density 

Density was determined by weighing and measuring machined specimens. 


RESULTS OF TESTS 


A preliminary investigation was made to obtain data for use in 
selecting the strength properties to be measured on all the test panels. 
Six panels were prepared with a phenol-formaldehyde reoin (Tego film) 
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and six wltli a Tjrea-fonnaldeliyde resin (tJformite hy} catalyzed -with 10 
percent ammonium cliloride). lltese two materials were selected to deter- 
mine the effects of high and low pH conditions, respectiTely. Specimens 
from each panel were tested unaged and ^ter exposure to three aging 
tests. The strength properties measured in these preliminary tests were 
flexural modulus of elasticity, and flexural. Impact, tensile, and shear 
strengths. The changes in these strength properties as, a result of ex- 
posure to the aging conditions are given in table III. 

On the basis of the results obtained in these preliminary tests, 
the size of the test specimens required, and an analysis of the stresses 
in the various tests, it -vTas decided to employ the flexural, impact, and 
shear strengths for detecting the deterioration of the resin-bonded birch 
plywoods . 

The detailed results of these tests are presented in tables IV, T, 
and VT and figures 5 to 12. The behavior of the materials with respect 
to delamination is shown in table VII. A summary of the effects of the 
catalysts on the strength properties of the panels bonded with urea- 
formaldehyde and phenol-fonnaldehyde resins is given in table VIII. 

The specific effects of various acid and basic radicals present in 
catalysts used with phenolic resinous adhesives In the preparation of 
plywood were determined in a series of tests with known compounds. 

Panels were prepared with a resorcinol-forinaldehyde resin (Penacollte 
G— 1131) to which were added varying amounts of hydrochloric, nitric, 
sulfuric, phosphoric, hypophosphcrous, trichlorc-aootlo,benzenesulfonic, 
a n d nltranillc acids and ' sodium- hydroxide ♦ Titration curves of the 
resin with these acids and base are shown in figures 1 to 3- The flexural 
strengths of these panels, unaged and oven-fog^aged, are presented in ta- 
ble n. 

Similar experiments wore performed with two phenol-formaldehyde 
resins . The titration curves obtained for one of these resins (Cascophen 
LT-67) with the acids and base are shown in f igures '3 said The results 
of the strength tests are given in table X. 

In a further series of tests to determine the specific effect of the 
acid radicals present in commercial catalysts for resinous adhesives, three 
commercial catalysts were used, respectively, \rtth three phenolic resins 
to prepare plywood panels. Four panels were prepared with each resin — one 
without catalyst, and one with, each of the. three catalysts, respectively. 
Only one of the resin-catalyst mixtures failed to cure satisfactorily at 
150° F (66° C), The flexural strengths of these panels were determined 
before and after aging. The results of these tests are presented in 
table XI. Data are also given in table XI for one of the resin— 
catalyst mixtures in which the catalyst percentage was varied from 5 to 
45 percent. 
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Proper interpretation of the data obtained in these esperimente on 
the effects of various acid and alkaline catalysts on the strength of 
resin— bonded plyvccsd required infonaatlon on the effects of these chemicals 
on the wood Itself. Accordingly, hirch veneers of 0,1— inch thickness were 
immersed for 3 days in various concentrations of the seme acids and alka- 
lies used in the tests with the resins. The results of flexural strength 
measurements on the conditior.ed wood specimens are shown in table XII. 


DISCUSSION OF EESDLTS 
Tests of Industrial Adhesives 


Use of the various commercial resins with their catalysts selected 
for this investigation resulted in pE values for birch plywood ranging 
from 1.7 to 8.4. (See table I.) The rarges of pH for the test panels 
made from the various resins were as follows: Urea-f ormaldehyde , 1.9 

to 5*7; phenol— fcxmaldehyde, 1.7 to 8.4; resorcinol— formaldelyde, 4,8 to 
6.3; and unsaturated polyester resins, 3-2 to 5*7- 

The pH values of birch plywood were not affected by moderate baking 
or by exposin’© to cycles of heat and fog. This indicated tliat the acidic 
compounds determining the pH of the composite did not escape readily from 
the structure or did not react with the birch or its deccnpositlon products 
in such a way that they lost their chemical Identity. It would seem rea- 
sonable, therefore, to assume that the deterioration caused by pH would 
continue until failure occurred. 

The results of the 240-hour oven-fog-eglng test are in qualitative 
agreement with the results of the 1-year roof-aging test. An analysis 
of the data indicates that no quantitative stateimentB can be made con- 
cerning the agreement. However, the 1-year roof -aging test was usmlly, 
but not always, more severe than the 240-hour oven-fog-aging test. 

The effects of pH on the strength of the plywood prepared with the 
various commercial types of resins can best be revlew'ed by discussing the 
resins in three groups: urea, phenolic, and other resins. 


(a) Urea Eeeins 

The flexural. Impact, and shear strengths of the urea-formaldehyde 
resin— bonded birch plj^ocd depended markedly on the pH of the coiiposlte. 
This is shown by the data in tahles IV, V, and VI and graphically in 
figTjires 6, and ?• 



MCA TIT Wo. 1161 


11 


The failure of the urea-formaldehyde resin-honded materials in the 
delamination teat la also afi’ected hy the pH of the plywood. The critical 
pH value in this test appears to he between 3.8 and 4.6 for both the un- 
aged and the aged specimens. 

Three of the panels with a low pH delaminated during exposure. This 
indicates that the loss in strength on roof aging can be attributed to 
both deterioration of the wood and deterioration of the resin. 


(b) Phenolic Bee ins 

An examination of the values in table YHI for the flexural, impact, 
and shear strengths of the phenolic resin--bonded panels shows that the 
presence of acid catalyst causes a decrease in these prc^rties in the 
unaged panels in every case. This decrease was noticeci. especiaj.ly with 
the panels prepared with the Catabond resins 590 emd 200-CZ, wherein 
concentrated hydrochloric acid catalysts were used. It is well Imown 
that hydrochloric acid has a decidedly deleterious effect on most woods. 

Wo failure of the phenolic resinHaonded composites occurred In the 
delamlnatlcn test. The unagsd and laboratory— aged specimens with pE 
values of 3.1 or less were brittle in the final flexibility test on the 
h— inch mandrel. With one exception, those with pH values of 3.6 or more 
were flexible throughout this test. 


(c) Other Resins 

The remaining adhesives tested, which included resorcinol, furane, 
casein, and, unsaturated polyester types, produced panels of pH 3.2 or 
greater, with -the exception of the furane resin panel which had a pH of 
2.2. These adhesives did not undergo marked deterioration in strength 
when subjected to the laboratory— aging tests. The pronounced reduction 
in strength which occurred under roof— aging conditions is attributable 
mainly to deterioration of the uncoated wood. However, the strengths of 
the roof-aged panels made with these resina were markedly inferior to 
those of the roof -aged panel made with the best phenol— formaldehyde resins. 
It is significant that, in the roof -aging tests conducted as part of this 
Investigation, only In the case of the casein and some urea-formaldehyde 
glues had the breakdown at the bond progressed sufficiently to make 
strength tests on the roof -aged panels iugjoselble. 


Effect of Acidic and Basic Catalysts on Strength of Plywood 

The outstanding feature of the experiments in which various acids and 
alkalies were added to the resorolnol-fojmialdehyde and phenol-formaldehyde 
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resins (figs. 1 to 4) was their apparent absorption hj- the resin. Although 
relatively large amounts of the catalysts were added to produce resin so- 
lutions of low pH, the resin films ar^ plywood panels had pH values con- 
siderably hi^er than those of their respective solutions. 

The titration curves show that there is a definite chemical neutrali- 
zation reaction between the phenolic type resins and acid and alkali, re- 
spectively. The amoimt of acid or acid-generating catalysts added to cure 
this type of resinous adhesive at room temperatures is generally greater 
than the neutral equivalent of the resin. Since this additional acid is 
not destroyed or is only loosely bound to the resin, it is free to cause 
deterioration of the materials in the structure. 

The flexural strengths of the imaged panels made with the resorcinol- 
formaldehyde resin (table IX) did not undergo a significant decrease with 
increasing acidiiy of the resin solution. However, the oven-fog-aging 
conditions brought about a substantial reduction in strength which cor- 
related with decrease in pH. Thus, although the pH of the unaged panels 
in many instances appeared to be beyond the critical acid range, the acid 
which had been absorbed by the rosin was available to bring about dete- 
rioration of the panel under the aging ccndltlons (fig. 8 ). The strong 
acids, such as hydrochloric, nihric, and sulfuric acids, had only slightly 
more deteriorating action than the weaker types, such as nitranlllc and 
hypophosphorouB acids (fig, 9 )- 

An attezcpt was made to treat a phene 1-formldehyde resin, Cetacophen 
LT- 67 , with the same series of acids used in the experiments with the 
rescrcinol-formaldehyde resin. However, in the presence of hydrccliloric, 
nitric, sulfuric, phosphoric, and nitranlllc acids, the resin precipitated 
from solutions. 

The results obtained with the weaker acids (table X and figs. 3, 

10 , end 11 ) were comparable to those obtained with these same acids added 
to the resorcinol resin. ¥hen hypophosphorous acid was added to the res- 
in solution in amounts sufficient to lower the pH of the plywood panel 
prepared with it to 2 . 2 , a considerable decrease in flerural strength 
occurred in the oven-fog-eglng tests. A similar effect was observed 
with another phenol— formaldehyde resin, Durez 120ltl. It is noteworthy 
that the flexural strengths of the imaged panels prepared with the phenol- 
formaldehyde resins were, in general, slightly higher than those of the 
resorcinol-formaldehyde panels . 

The Casoophen LT -67 resin was also treated with various amoimto of 
sodium hydroxide, a strong base. Ho evidence of slgnlfioamt deterioration 
in strength of the unaged plsrwocd hy relatively large amounts of the al- 
kali was noted- However, there was some decrease in strength when the 
plywood was exposed to oven-fog-aglng conditions. The decrease in 
strength correlated with Inoreajse in pH from an initial value of 6.h for 



NACA TN No. H6l 


13 


the aged, panel without adcLed. altali to 8.2 for the aged, panel with the 
greatest amount of added, alkali. Attempts were made to cure urea- 
formaldehyde resin adhesiyes at high pH values hy the addition of alkali 
hut were unsuccessful. 

In general, the results shown in table XI and figures 12 and 13 for 
tests made with various oommerolal catalysts and resins show a correlation 
between the strei^gth of the plywood and the pH of the unaged panels. The 
pE of the resin fUms prepared with these commercial resins, using the 
recommended amounts of the catalysts, were all less than 2.0 and it was 
not possible to predict from these values what the pE of the plywood panel 
would be. This is shown graphically in figure 13j similar graphs can be 
plotted from the other data in table XI. 


Effect of Acids and Bases on Wood 

The marked decrease in strength of the unaged plywood panels which 
resulted generally throughout the experiments reported herein when the 
pE of the panels was lowered by acid catalysts indicated that the wood 
was being attacked by the acids. The data in table XII and figure l4 in- 
dicate that both pH and catalyst radical have a part in this breakdown. 
lE^droohloric, benzenesulfonic, nitric, and sulfuric acids had the most 
pronomced deteriorating effect on the birch wood. Nltranilio and 
hypophosphorouB acids had considerably lees deteriorating action on the 
wood. This is particularly evident frcm a comparison of strengths for 
the birch veneers treated wi-Ui the respective acids to produce pH con- 
ditions in the range 2.1 to 2.4. A marked decrease in strength occurred 
in every case when the pH of the birch veneers was lowered below pH 2.0 
by treatment with the respective acids. The wood had a strong buffering 
action against alkalies. However, a pronounced decrease in strength 
occurred when the pH of the wood was raised to 8.8 by absorption of 
teteaethanolammonium hydroxide. 


CONCLUSIONS 


The flexural. Impact, and shear strengths, both initially and after 
aging, of urea and phenolic resin-bonded birch plywoods are definitely 
affected by the pH. In the acid range, the lower the pH of the plywood 
panel, the poorer is the strength of the panel and its resistance to 
aging. The lower critical pH value, below which optimum strong tbs are 
not obtained and deterioration upon aging becomes appreciable, is ap- 
proximately 4 for virea resin-bonded plywoods and 3*5 fcxr phenolic resin- 
bonded plywoods. 
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The decrease In strength on aging of birch plyvood bonded with a 
phenolic resin catalyzed with a strong alkali (sodium hydrcxide) corre- 
lated wl-th increase in pH of the plywood. The upper critical pH values, 
above which optimum strengths are not obtained and detericratlcn iqpon 
aging beccanes appreciable, appears to be In the neighborhood of 8 for 
phenolic resins; the value for urea resin-iscnded plywoods was not estah" 
lished hecause the resins would not cure at the high pH values. 

Tlie' de lamination of hirch plywoods made with urea-formaldehyde resins 
is affected by the pH; , in the acid range, the lower the pH, the fewor cy- 
cles req,uired for .delamination to occvr. The delamination of birch ply- 
woods made with phenolic resin is not affected by the pH; \dien the pH is 
less than 3.1, idle materials are not sc flexible as these with pH values 
of 3.6 or more. In 1-year reef -aging tests delamlnation occurred only in 
the case of plywood bonded with casein and with urea-foTmaldehyde resins 
containing acid catalysts which reduced tlie pH of the unaged panel to 
3.4 or less. 

At a given pH, strong acids, such as hydrochloric, nitric, and 
sulfuric acids, liad only slightly greater deteriorating action on res- 
orcinol-formaldehyde resin-bonded birch plyvood than did the weaker types, 
such as hypophosphorous and nitranllic acids. 

The pH values of the. birch plywoods made with various resins are not 
markedly changed by moderate heating (40 hr at 80® C), by exposure to 
cycles of heat and fog or hy exposure outdoors for 1 year. 

Both pH and the nature of the acid radical have an effect on the 
deterioration of birch wood by acids. At a given pH weak acids have 
considerably less deteriorating action, on the wood tnen do strong acids. 

A pronounced decrease in strength of birch wood occurred -when the pH of 
birch wood was raised to 8,8 by absorption of tetraethanolammonium 
liydroxide . 


National Bureau of Standards, 

Washington, D. C., August 30, 194G. 
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TABLE II. -EFFECT OF THE OVEN-FOG AND SUNLAMP-FOG AGING TESTS (240 HOURS) 
ON THE FLEXURAL STRENGTH OF RESIN-BCNDED BIRCH PLYWOOD PANELS 


Commercial 

Designation 

of 

Resin 

Unage 1 

Catalyst 

Added to Average 

Resin oH 

Q Panel 
iFlexural 
Strength 
(Ib/in^ 

Oven-Fog-Aged 

Panel 

Loss 

Flexural Due to 
Strengto Aging 
(Ibyin^) (^ 

Sunlamp-Fog- Age< 
Panel 

Loss 

Flexural Due to 
StrengUi Aging 
(Ib/in^) (^ 
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6,700 

54.7 


TABLEIII.-CHASaES IN STRENGTH PROPERTIES OF BIROH PLYWOODS CAUSED BY VARIOUS AGING METHODS 
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Change for Panels Bonded with 
Phenolic Reein (Tego Film) 
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TABU TZZ.-CriTOT OF CATALYSTS AHB pH 01 THt DXLA3CIHATI0I OF HE8Il.B01fI>ED BIRCH FLTirOOD 
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TiBM m.-Erreoi or catalysts os flexoiul stbekoth or birch vekeerb ‘ 
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apeoimani for treatrent with a aingla oatalyat. Tna apaoinans for inmar- 
aion in aeah conoantration of tba eatalyat for 3 daya vara aelaotad so as 
to bo ropraaentatlTe of the wholo Tenoar. Tvo sinllar eats of aoeoiceas 
fron the esTsa renear vara tastad untreated end after Imnaraion In distilled 
water for 3 days, respeotlTely. 

The peroentaga lose in flexural strength ia oalculated on the basis of the 
strength of the untreated wood from the ssaa renear. 
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Figure 1.- Titration of PenaooUtc 0-1131 with various aoias 
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Figure 5.- Effect of pH on flexural strength of blroh plywood 
bonded with urea-fomuldohyde resins. 
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Fig. 6 
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pK Of unaged panel 

Figure 7.- Effect of pH on shear strength of birch plywood 
bonded with urea-formaldehyde resins. 
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Fig. 8 
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Figure 8.- KfFeot of ovon-fog-aglng on fleicural strength of blroh pl/woo& 
bonded with Penaoolite 0>1131f using various acid oatalysts. 
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Figure 9.- Effect of Tarlous aold catalysts on flexural strength of OTen- 
fog-aged birch plywood bonded with Penaoollte 0-1131. 
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Figure 10.- Effeot of oven-fog-aglng on flexural strength of blrob plywood 
bonded with Caaoophen LT-fl7, using aoldio und basic catalysts. 
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Figure 11 «- Sffect of various catalysts on flexural strength of oven- 
fog-aged birch plywood bonded with Cascophen LT-67. 
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Figure 11.- Effect of rarlous catalysts on fle»iral strength of oren- 
fog-aged birch plywood bonded with Casoophen LT-67. 
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Flpiro 12 .- Effect of varloue catalysts on flexural atrength of blroh plyaood bonded slti phenolic reelns. 
(Sumher above each coluan Indloatee pH value of imaged panel.) 
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Fig. 13 KACA TN No. 1161 
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Figure 13.- Effect at oatalrst (S.SjJ 2K-2997) on flexural strength 
of oven-fog-aged birch plywood bonded with various 
phenolic resins. 
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Tlgure 14.- Effeot of vaxioua aolds on flexural strength of hlreh wood. 




